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^Tol lowing  is  a  translation  of  an  article  dy 
Candidate  of  Fedical  Sciences  S.I.  D'yakov, 
H.V.  Kasatkins,  Candidate  of  i  edicai  Sciences 
V.K.  Nikitin*  and  z.V.  Pestryakova  from  the 
Department  of  f  icrooiolorry  of  the  h.ilitary 
:  odicine  Order  of  Lenin  Academy  ineni 
S. 15.  Kirov  and  the  Sanitary  epidemiological 
Station  (Leningrad)  in  the  3ussian-language 
periodical  Oigiyena  i  Sanltariya  (Hygiene 
3nd  Sanitation),  No  10,  i’oscow,  1962,  pages 
59-62.  The  article  was  submitted  for  publi¬ 
cation  on  29  January  196^17 


The  existing  methods  of  detecting  pathorenic 
and  sanitary-indie ^tor  microorganisms  in  bilk,  as 
in  Many  other  r?i?idlv  spoiling  procucts,  are  long; 
there,  the  development  of  rapid  and  dependftole  methods 
*  of  indicating  pathogenic  toicrobes  in  food  products 
is  an  important  task  of  sanitary  bacteriology,  J  In  frher  ■> 
present  article  data  are  given  on  the  *use  of  une 
imaiuno-fluorescent  /nothod  for  the  rapid  detection  of 
dysentex\Y  pathogens  in  nilk. 


"We  prepared  some  extremely  thin  smears  of  r.ilk. 
After  drying  the  preparation  we  fixed  it  with  Nikifor¬ 
ov's  mixture  for  10  to  15  minutes.  In  order  to  elira- 
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•  given  an  additional  treatment  with  benzene  for  2  to  5 
minutea. 

In  the  work  we  used  fluorescent . conjugates  of 
adsorbed  Flexnar's  dysentery  serum  and  its  gemma  globulin 
fraction  which  were  marked  by  fluorescein  isocyanate 
ano  fluorescein  isothiocyanate  (the  fluorochrones  were 
kindly  presented  to  us  by  G.I.  Mikhaylov  to  whom  we  are'- 
deeply  grateful).  For  control  staining  v;»  employed 
fluorescent  conjugates  of  both  normal  and  heterological 
(tularemia  and  typhoid)  raboit  serums  and  their  gamma 
globulin  fractions.  As  an  additional  control  we  used 
the  treatment  with  dysentery  conjugates  of  preparations 
of  samples  of  milk  which  knowingly  did  not  contain 
dysentery  bacteria.  The  preparations  were  stained  for 
10  to  20  minutes  at  3?  degrees  Centigrade  in  a  humid  , 
chamber.  The  smears  were  washed  with  a  stream  of  tap 
water  for  2  to  3  minutes;  after  drying  they  were  ex¬ 
amined  under  an  KTL-1  luminescent  microscope  using  PZS-  7, 
FS-1,  BS-8,  and  T-2N  light  filters.  For  the  study  of 
the  sreneral  microflora  of  the  milk  and  its  "uantitative 
.  evaluation, the  smears  were  stained  with  a  1:1,000 

solution  of  auramine  for  1  to  2  minutes.  *f ter  staining 
they  were  dipped  in  ?0£  alcohol  for  several  seconds 
end  then  were  carefully  washed  with  water. 

The  use  of  tve  fluorescent  antibodies  method 
for  the  accelerated  detection  of  dysentery  bacteria  in 
milk  can  satisfy  the  practical  requirements  in  three 
basic  respect 8 j  rapidity  in  obtaining  an  answer, 
sensitivity,  and  specificity.  As  a  rule,  30  to  45 
minutes  were  sufficient  for  the  preparation,  staining, 
^and  ’-icroecopic  examination  of  the  preparations.  In  | 


order  to  determine  the  sensitivity  of  tha  method »  5 
to  10  milliliters  of  bottled  <nilk  were  infectea  with 
various  doses  of  Flexner’s  (Type  c)  dysentery  bacteria. 
After  30  minutes  of  contact  the  samples  were  carefully 
mixed  and  smears  v.ere  prepared  from  them  which  were 
stained  with  fluorescent  conjugates  a  ad  a  solution  of 
auramine.  The  smears  which  were  stained  with  auramine 
showed  a  lftrffe  amount  of  brightly  fluorescent  yeast 
cells,  bec.illiform  and  spherical  cells,  etc.  In  contrast 
to  this,  the  preparations  '-vich  had  seen  treated  with 
fluorescent  dysentery  conjugates,  depending  on  the 
concentration  of  dysentery  nacteria  which  were  intro¬ 
duced  into  the  sample,  showed  twe  presence  of  various 
amounts  of  bacilliforra  microoe  cells  which  were  in¬ 
tensely  fluorescent  with  a  yellow-*reen  li/rht  and  ;vhicn 
had  evan  more  intensely  fluorescent  .e dotes.  The  results 
octained  ars  sriven  in  the  table. 
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I  In  order  to  increase  the  sensitivity  of  the 

fluorescent  antibodies  method  we  employed  methods  of 
concentrating  the  bacteria  in  the  milk:  centrifuging, 
flotation,  and  brief  culturing  in  nutrient  media,  etc. 
The  infected  samples  of  milk  mere  centrifuwod . in  volume) 
of  5  to  10  milliliters  at  2, 'CO  to  3,500  revolutions 
per  ~inute  for '5  to  60  minutes.  T^e  smears  '-are  -ade 
from  ■■  uppe-  creams  film,  tne  clear  licuid  above  the 
precipitate,  and  the  -’hitish  precipitate,-  ?or 
flotation,  0.3  to  0.5  r.illilit°rs  of  xylol  wore  added 
to  9  'illiliters  of  a  pest  sa  pie  of  r'il<,  after  w;  ich 
the  test  tubes  with  rubber  stoppers  were  a  *itnted  for 
10  to  15  minutes  in  an  umitatim*  apparatus.  Tor  cul- 
turina,  0.2  to  1  milliliter  volumes  of  rilk  wore  seeded 
in  a  se.mi-linuid  medium  of  Ilosxirev's  medium,  .'  art in 's 
bouillon  and  mannitol  (0.9,).  fuller's  fluid  and  the 
l<essler-?venarton  medium  were  also  tested.  The  remain¬ 
ing  milk  in  a  volu-e  of  5  "  il  liliters  -as  put  in  c. 
thermostat  at  3V  decrees  Cer.ti-mr  ae.  Smears  were 
prepared  after  2, A, 6, 12,  and  2d  hours  of  incubation  in 
the  thermostat.  The  summary  indices  of  the  tested 
methods  of  inrreasirwr  tho  sensitivity  are  ~iven  in  the 
r.abla. 

The  indices  nhich  "-ere  obtained  in  :  icute  that  in 
emplovrr.ent  of  additional  steps  "rich  rake  it  possible 
to  concentrate  t^e  microbe  calls  increases  nhs  sensiti¬ 
vity  of  t,-e  fluorescent  antibodies  '.ethod  to  the  extant 
of  obtfinin  positive  results  for  the  presence  of  from 
l,CuO  to  10,0u0  microoe  cells  of  dysentery  bacteria  iu 
1  uilliliter  of  tested  milk. 

The  matter  of  the  specificity  of  any  method  of 
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r diagnosis  in  the  final  analysis  actually  determines  its 
practical  value.  First  of  all . ve  studied  the  intensity 
of  the  specific  stainiur  of  the  dysentery’ cacteria  in 
relation  to  their  bains  in  artificially  contaminated 
milk.  With  this  air-  samples  of  raw  oottieu  milk  were 
infected  with  50  million  microoe  oodies  per  'illiliter 
ana  -ere  kept  for  10  days  at  2,4,16-22,  ana  57  ao-rces 
Centigrade.  Smears  -’ere  prepared  daily.  At  the  same 
time  ,ve  conducted  seedin-s  in  differontiul-aia  rr.ostic 
and  electiva  batches  of  'nco's  end  ploakirev's 
cultural  mediums.  The  results  of  the  tests  showed  that 
the  cells  of  the  cysenterv  bacteria  over  the  entire 
oonervation  period  did  not  lose  their  ability  to  ce 
st-ined  specifically  oy  fluorescent  antibodies;  however 
the  intensity  of  the  luminescence  of  thi  cells  and  the 
quantity  of  fluorescent  cells  in  the  field  of  vio-v  of 
the  hicroScope  rare  lowered  somewhat.  It  is  Interest  in 
to  note  that  be^inninm  from  the  third  day  of  t n e  in-  • 
cu'oation  of  samples  of  infected  rilk  in  the  thermostat 
at  57  decrees  Centi-rade  and  at  roo-  temperature,  the 
number  of  colonies  of  dysentery  pnetaria  which  ~rew  in 
the  dishes  'gradually  decreased  and,  be.cinr.in  ••  -itb.  .the. 
eighth  day,  dysentery  microbes  y-ere  not  sown  at  all. 

The  positive  finding  in  ti.e  indicated  samples  of 
fluorescent  cells  demonstrates  that 'the  fluorescent-, 
imr.unoloyical  method  exposed  the  unviable  cells  of 
dysentery  bacteria. 

Our  rosic.  attention  in  tud.yin-:  the  specificity 
of  the  fluorescent  antioodies  method  -as  directed  at 
investigating  commercially-produced  milk.  In  all  "Q 
t  investigated  181  samples  of  such  milk.  Upon  receiving 


the  samples  at  r.he  laboratory  ’*-3  immediately  prepared 
cnears  directly  from  the  milk,  from  the  ere  any  film 
(after  5  to  10  -inutes  of  centrifuging  5  to  10  milli¬ 
liters  of  .'..ilk  at  3,000  revolutions  per  \inute),  and  also 
Iron  the  precipitate  of tor  o  hours  of  culturir.  ?  in 
Mjrtin's  bouillon  and  centrifuging  the  seecingc.  rfh8 
preparation  was  carefully  examined  for  throe  -inutes 
under  a  fluorescent  microscope.  In  recording  t^.e  data  . 
we  devoted  our  attention  to  th r.  morphology  of  the 
fluorescent  formations,  t'e  intensity  ana  color  of  their 
fluorescence,  the  nature  of  he  staining,  ana  the 
quantity  of  fluorescent  cells  in  the  field  of  vision 
or  in  the  preparation.  In  evaluating  the  fluorescent 
i-dges  the  results  '-ere  compared  with  the  data  from  the 
control  preparations  which  wore  treated  with  normal 
and  heterogeneous  fluorescent  serums.  Parallel  with 
this,  eac*  magpie  of  :•  ilk  Was  tested  oact ertologically 
for  noli  titer,  -icroo-e  number,  ar.d  also  the  presence  of 
dysentery  ar.d  typhoid-paratyphoid  bacteria.  In  addition, 

the  colonies  which  crow  ir.  sense  culture  "odiums  “  ;ro 

on 

tested /bacillus  coli  -vuch  had  been  positively  a 4~lu- 
tim-.ted  by  Plexner ' s  dy .rent ary  bacteria. 

The  results  of  the  observations  r  ich  -ere 
conducted  as  follows.  In  samples  (5^.7  )  not 

a  single'  fluorescent  cell  was  discovered  in  the  lumin¬ 
escent  microscopy  of  all  three  series  of  samples. 
Bacteriological  tests  for  the  presence  of  dysentery 
bacteria  also  gave  negative  results.  In  five  samples 
strains  of  Bacillus  coli  ’"Mch  were  agglutinated  by 
Flexner 's  dvsenter  serum  wjre  isolated.  In  9  samples 
(5%)  intensively  fluoresc *nt  cells  with  a  characteristic 


I  staining  struotui-*  were  detected  after  treatment  of  the  1 
preparations  with  normal  fluorescent  conjugates. 

In  23  samples  of  milk  (12. 7%)  fluorescence  of  the 
ricrobe  cells  w&s  observed  when  the  smears  hod  been 
treated  with  both  dysentery  and  normal  fluorescent 
serums.  This  indicates  thsc  the  observed  fluorescence 
is  a  non-specific  staining  of  the  microbe  cells.  vith 
a  bacteriological  test  one  strain  of  Morgan* s  bacillus 
and  6  strains  of  Bacillus  coli  '"nich  were  agglutinated 
b.v  Plexner's  serum  "ere  isolated.  Thus,  summarizing 
the  data  from  the  testin’  of  131  samples  of  milk 
(72.4%),  we  can  consider  that  the-  all  belonged  to  the 
negative  group.  According  to  the  data  from  lumin¬ 
escent  microscopy,  28  samples  of  mi lx  (13.4%)  should  be 
listed  under  the  weakly  positive  group.  All  these 
samples  were  characterized  by  the  fact  that  upon  stain¬ 
ing  with  dysentery  serum,  only  individual  specifically 
fluorescent  cells  "ere  detected  (1  to  4  for  all  of  the 
smears).  From  t^ese  smears,  7  strains  of  dscillus  coli 
were  isolated  which  were  agglutinated  by  dysentery 
serum.  Dysentery  bacteria  ’"ere  not  discovered  in  those 
samples.  "ith  a  weekly  positive  response  in  a  :iven 
series  or  samples  we  oriented  upon  the  individual  nature 
of  the  findings  of  fluorescent  cells  in  the  entire 
preparation  and  on  the  absence  of  an  increase  in  the 
number  of  fluorescent  -cells  in  the  preparations  v-'i.ich 
were  prepared  from  Fartin' s  bouillon  after  6  hours 
of  culturing. 

Finally,  the  remaining  22  samples  of  milk 
(12.2%),  according  to  the  data  of  the  fluorescent 
j  antibodies  method,  can  be  assigned  to  the  group  with  a  j 
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clearly  positive  response,  however,  it  should  be 
e."phosized  th.it  not  in  a  simple  case  was  it  possible  to 
detect  dysentery  bacteria  in  these  samples  usin.5  a 
bacteriological  test.  In  21  sarnies  of  milk  e  isolated 
strains  of  Bacillus  coli  ••'hich  contained  antifjona  which 
were  common  with  Flexner's  dysentery  bacteria. 

^hus,  despite  the  negative  results  of  the 
bacteriological  testing  of  16.1  -amplos  of  cor  v.ericial 
milk,  2k  of  t^e  samples,  according  to  the  luminescence 
analysis  data,  -ere  positive.  Obviously  further  research 
is  recuired  in  order  to  evaluate  twe  positive  results 
of  the  fluorescent  .ethod. 

Of  sve  interest  is  the  material  from  the  detail¬ 
ed  study  of  62  parastrains  which  ve  isolated  fro.t  the 
milk.  After  th9  isolation  of  the  .pure  cultures  and 
their  brief  laboratory  storage,  wo  noticed  a  sharp 
lowering  of  both  the  ability  of  the  cultures  to  be 
agglutinated  by  Plexner's  dysentery  serum  ana  the  in¬ 
tensity  of  the  luminescence  of  t:he  viorooe  cells  which 
had  beer,  stained  oy  fluorescent  dysent'orv  connotes. 

Thus  after  2  or  3  raso-pin^3  the  microbe  cells  of  ft  6 
parastrains  fluoresces  to  ++  and  or.lv  individual  cells 
of  some  of  these  strains  •'-ve  a  brighter  fluorescence 
of  up  to  Onlv  n  strains  fluoresced  sufficiently 

crichtly  (++■••),  ’-'rile  individual  cells  fluoresced  up 
to  *  +  +  •*.;  12  strains  completely  lost  t‘ o  ability  to 
fluoresce.  »•  03t  of  the  strains  were  characterized 
oy  a  diffused  luminescence  of  the  entire  body  of  the 
microbe  coll  of  a  weak  or  aver-ace  intensity  (+  and  ++)• 
as  a  rule,  brightly  fluorescer.t  odr;es  were  absent  in 
(l  ^<*41  paru3trains,  a"1  thou>h  tvsre  were  four  exceptions. 
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I  Only  sore  snail  *r:in-like  sectors  on  t he  surfaces  of 
so*e  microbe  cells  fluoresced  more  brightly,  sometimes 
crontiny  the  impression  of  bipolar  luminescence.  There 
,nere  particularly  sharp  manifestations  of.  unoven  stain- 
in"  of  the  cells  in  the  preparations. 

The  peculiarities  -‘hich  were  noted  in  the 
fluorescent  staining  of  the  cells  of  p^ra strains  in 
pure  cultures  made  it  r.ossiole  to  distinguish  with 
sufficient  accuracy  cetween'the  majority  of  them  and 
Flexner's  dysentery  bacteria. 
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